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INTRODUCTION * . ' • 



"Scaling" and "representation" describe familiar tecjiniques 
that are' lised every^day. For example: I- 

I . A map is a representation .of a geographic area. The map 
does^not^s how every detail within J:he area, sjuch as traffic 
lights on streets, Symbqls^e used to represent bound- 
varies, cities, riyers, railroads , "highways , in a simpli- . 
fied way. A road mcip may be drav^n to a scale of iO mile§- ' ^ 
to one^inch> so thai it can he printed on a piec^ of 'paper- ^ , 
of manageable sfze. Sometimes a state map will.inc^ude-^ — > 
an-ins-ert of a city map draw,n,.to a scale of about I/IO of a' 
mile to ond inch' so t]}at more details of the city can Se 

^ represe^ited. The*scale and amount of detail, in the. repre- 
sentation arq chos^n^forconveniencearidpurpose, 

2y When a dressmaker picks a.size -14 pattern 'she is choo^ihg 
a representation of ^the dress scaled to the size of the per-: 
son it is;inten.ded for. Thfe tissue paper shapes are repre-, 
/ sentations of the pieces of fabric needed to make the dress. 

/ 3 . ^rabitects drav^ scaled representations of buildings • Qon-' 
structibn workers follow the plans that tell them the size 
and arrangement of ^ooms and precise' details of construc- 
tion. Plan^ of this type ar.e usually drawn to* several dif- 
* ferent scales -according to need; For example, the archi- " 

tect makes a small drawing of the finished building ,^a' ' 
' medium-sized floor.plan, and perhaps a* larger-rthan-life 
^ detail drawing of ar|jpnusu§l type of construction, _ ^ 

^ The importance .of scaled representations in mathematics and 
SQience-can hardly be c)verestimated,% ^Objects and. ideas can 
be represented in, pictures with only the essentials shown • 
^ ' When these pictures are drawn to-%'cale> their measurenie.nts 
are meaningful for quantitative work. Representations .aire . 
used therefore not 'only as illustrations but also as simpli- . 
*fication^ and as accurate indications of size, 
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^ Thkse concepts ace- introduced irTUnit 18 in their simplest 
lorms^ loi^egin with,^the children trace outlines of their 
hands on paper. They stud/the differences, between the outr 
line and the* hand, and learn fhat the outline is a representa- 
tion of the hand. From'it they can determine size, shape, 
number of fingers., etc. But it is easy 'fo^ them ^o'see that 
while a* representation records some properties of an object, 
,4t cilsp- omits many properties. The chiid/en go on to note • 
. t'hat'for some .objects only a^few propert/es must be reprer 
, sen'ted for identification, while for other objects more propr 
^erties are necessary. ^ / 



Changing Sizes \ . o 

The rtQxt idea to be'vintroduced is/that a representation of an^^ 
object may Ije the same size, larger, or smaller than the ob- 
ject-. The children are provided with a number "of different e5j- 
pehenq:es involving t]ie .expansion arid reduction of the sizes 
. of patterns.. They use magnifying and reducing lenses and 
draw represeatation§.of what they see through the Senses. 
This activity produces a group ot representations of the same 
object in assorted sizes. 

- • Another example of .magnification and reductioVi is achieved 
. ' by moving a projector further from or closer to ^ screen • 
. ^Thd same image is made lar.ger o[ smaller in this manner. 
l^^^^ ^ ^When the image is projected *on^ a grid it is-easy to assigrt 
* numbers to the dimensi^ns'of the image* A, figure that mea- 
sures two grid units in length is .enlarged to measure four grid 
- units in length. Its dimensions have*been increased by a 
scale factor of 2. In this way the relation^.feetvyeen scaling 
• . and multiplication is established. 



Linking Mathematics ahd.Science 



The' relation between scaling and multiplication tfempnstrates 
one of the links between mathematics and science. The child 
observes a change in size. Then he mefasures thfe change and 
assigns a number to -it.- Once* a number has-been assigned,,/ 



he can use^matheinatrcal operations to predict ^further change . . 
without manipulating the actual materials. The children' have 
many experiences in this unit with this kind of moving back 
and forth between actual objects and .mathematical operations* 
The/assignmerit of numbers to qualitative observations is pre-- 
ciseiy.what enables us to^use mathematics.in discussing . 
natural phenomena ^" • , ^- • * 

First the childreli scale up a^N^igure by "using two different 
. grid sizes. They copy a simple figure, with each small grid^ - 
unit represented by a. larger griXunit. This gives them a 
larger figure that is the same shape as the smaller oOne, but 
they GO not know exactly how mud\ larger it is. TKen they 
repeat the activity with the' eTssignment of numbers to tb^ 
,dimensic^Sv6f the figure. This time the two drawings ore made 
ojn grid's. :pf the same size. The scale fa'ctor tells how many 
grid uidt& on the second drawing are nee<^ to represent 
• each unit of length of the original figure.. -The children write 
the\mathem'aticarequation for this /increase in the dimension's". 
The scafe factor times the old length equals the new length. 



Invers e- Op era tio n s o"- ' - ^ u ^ 

" ^' ' ' ^. ^_ ' >* .A 

— „ .^he-G-h41dren-^are^.iverLrriaay-^xperience s with expans io^n and"" 
reduction as. Inverse operations. They^/learn that jbne is un- ' 
'done by- the other, 'They learn tha.t expansion, or 'scaling ug' 
/"^can. be expressed by a -multiplication equation. We use the. 
• tetm "division" to describe what happens to th6 diftipnsions 
. : of a figure that is^ scaled-vdown , but we do hot introduce di- • 
vision equations. ythis mathematical procedure will^be left 
for later. But we do establish the groundwork fiow for the 
fact^that muitiplication and^division^^are inverse-operations. : 



S^rea and Volume ~ ; "n,. " ' ^ " '* 

>Note that.we always refer to scaling up or down the length 
of the side, of a figure by a given factor. The area and volume' 
change by diffejfent factors thcin does the length of the side, 
but theae-^'are^probafely too difficult'for most children at this 
level / ^ . 



Area and volume are introduced briefly in Unit 17, Lesson 10, 
and in more .detail here. The children get substantial practice 
with multiplication of two dimensions to<find area and three • 
dimensions to find volume (that is^, how many squares or* - 
cubes are in the representation) . But this concept is second-^ 
ary to the concept of scaling . IT children seem to Have. (^if- 
ficulty-with either area* or volume, some of those exercises 
may be omitted without affecting the main purposes of the 
• unit, ^ 



Scaling Techniques ' \ ... 

Much.pf the work v^ith scaling. is done on-grid paper; Minne- 
bars are introduced at firs.t as an aid in vi'sualizing two- 
dimensional scaling, and then a^s a threeTdimensional^repre- ^ 
sehtation, a . - . .1 . " 

The architects ruler is a device that, helps in the actual 
prdcesS^ of scal.ing and also helps illustrate^ the multipli- 
cative relation of twp scales by way of parallel number lines. 
The children make and use their own rulers with scales rang- 
ing from I ^ I to I ->-6, They also work with arbitrary scale 
units such as I small, paper clip. J targe paper cfip^or I 
" '^riYT e '' s ey 1 1 1 e u L^^H— harids p a n%. " 



Applications for^Second .-Graders 

The usefulness of scaling is illustrated in"^seyera] way§4 ' 
One Jesson is devoted to.compajing the size of a child witji 
the s'i^e of a chair that is comfortable for him, *Iri another, 
the children study maps of different scales and plan a visit 
to the 206, The lesson in map reading is greatly facilitated 
by a film Maps— WhereAm I? which shows very clearly 
how a gepgraphic area is represented ori'a^ map, * ^ 

The children also build scale, models— dog houses .to fit dogs 
pf different siz«s,>gar^i,ges to fit trucks , shoe^oxes^to fit 
shoes. Thus their work with scaling and represeiata^tion has 
direct^applicatipn in second grade terms. 



NQTES ON TEACHING THIS UNIT 



Unit 18 is designed to be taught with Unit 17,. Introducing 
Multiplication and Division . They may be started at the 
same time, or Unit 18 may be started a week or two after 
Unit 17 is "begun. The unit should reqviire one class period 
a day for about five weeks. 

# Be. sure to order the film Maps— Where Am I? from your usual 
sources well ahead of time. If you have difficulty obtaining 
it,, write directly to tb^ producer, Charles Cahill and As- . 
» sociates, Inc. , 5764. Sunset Boulevard, Hollywood 28, 
Caiiiorhi^ .. . ' 

Please note that, though the magnifiers supplied by MINNE- 
MAST are marked 3X"a.nd 6X, the actual image through- the 
larger Lens is closer to 2X, as called for in Lesson 2. 

You will no^e that sometimes Lengthy directions are included 
in the worksheets. do not overestimate the early s.econd 
grader's reading ability. ^The directions ^are.always to be 
. read to the children, and those who are able to can read along 
with y&u. Our purpose in including them is to get the chil- 
dren accustomed to the idea of following written directions. - 

Those of You who- do not have the MINNEMAST printed mater- 
ials kit will have to" prepare your ovyn worksheet transparencies 
for those^ activities that call for use of the overhead projector. 
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Lesson I: MAKING REPRESENTATIONS OF.OBJEGTS 

^ ^ -'^ . ^ 

Ixt this lesson 'the children draw outlines around faniiliar ob- . 
jects including a hand, objects. from their desks; and property 
blocks. They discuss ways in which the representations dif- 
fer "from the objects^themselves and note tliafHhe size and 
shape. of the objects' sides are the only properties repre's^ented 
by the drawings. . " ^ 

The children make oiildj^^tifaw^ of objects that are easily 
recognized by tl^e diatinctive shape of one side. Then they 
are given large, ,scfuare property blocks of different thicknesses 
and asked to represent them. .They .find that they must draw 
^ outlines around, more than one- surface qf a block to give enough 
information forfomeone else to identify the representation. 
(Not all objects can be identified in 'this way.' Fqr example, 
the same set of outlines might represent several different thing 
such as a box, a book and a block..,. Size ^ind shape do not pro.- 
vide sufficient information for distinguishing aa object from; 
^ other "objects ^of the same dimensions,) 

MATERIALS^ . " • ^ ' ^ ' 

*' foreacH' cKild \ • ' 

— l^rge square property block, either thick or thin (borrow 
from Kindergarten) ^ * . • ' . . 

— Worksheet? 1,2, and 3 

PROCEDURE . ' ' 

Have the class- turn tq, Worksheet U whicb is a blank page. 
Each child, is ^to place one hand on the page, spread hisiingers 
apart, and trace around his hand with a pendii. Ask the chil- 
' dren'to look carefully at their .dravyings and to^ compafe them 
" with their hands. " 

WHAT IS SIMILAR ABOUT YOUR DRAWING AN0 TOUR HAND? 
(Approximate length, width, shape of fingers, etc.) 



WHAT IS DIFFERENT? (Color, Jhickness, material they ^e 
made of;. the real hand has fingernails^ s}cin, knuckles, th'e 
. ability to feel things J ' . 

Ask the children "to -suggest a name for what-they have drawn. 
Ask if they think they could call if'a hand. If they say 'lYes/' 
ask^them to tell again what the . differences "are between the 
real hand and their drawings. - . . ^ 

The, children-may suggest calling the representation a picture, 
but a picture would show the iihgemails and other details 
that are riot in'these drawings, '(Outline'' or "representation"-^' 
would be more appropriate. Introduce the word "re,presenta- 
tion" at this time,^ but do riot require the children 'to use it. 
Ask the chilcjren^if they can think of anytisep for these repre-* 
sentations they hav.e made, (Sljopping for mittens without the 
child,-) . . . 

Let the children select sonfe things from their -desks (pencil/, 
booj$^ rulej, scissors). Have them place one or more suqh ob- 
jects on a piece of paper and draw outlines of them. Then dis- 
cuss, the differences, betw^W:the real objects and the repre- 
sentations of the objects. ^ ' ^ 

, WHICH PROPERTIES OF THE OBJECTS ARE REPRESENTED BY 
YOUR DRAWINGS ? (Size- and shape of .one side.) " 

ARE THESE PROPERTIES SUFFICIENT TO IDiENTIFY THE 
OBJECTS? ,.- .■ . ■ ' . 

Discuss the properties that are not represehted^by the outlines 

Have^^the children turn to Worksheet 2, a ^-inch grid. Give> 
each child a large,, square property block, (Some will be thick 
and'^some will be thin,') .Tell^he children tq make an outline 
representation of the, block,* (Suggest that 'they line up* the 
block along the lines on the grid paper,) Most children will 
draw around the square side of the block, ' Ask if someone^else 
could tell exactly what size and s'hape the block is from^such 
a "drawing ^" ^ . " ^ , - \ 



V/OULD YOU ^SAY THAT THE 01JTLIN.E YOU MADE SHOWS 
ENOUGH -ABOtJT THE -SHAPE OF THE. PROPERTY BLOCK SO 



THAT OTHERS COULD TELL EXACTLY WHICH SHAPE BLOCK 
XO'U* HAVE? (No.)^ ^ " ' ; \ - 

WHICH OTHER BLOCK COULD- YOURS BE MISTAKENX0R2^ - 
(A large square blocjLi>f -a^different'^tincTc^^ J - 



V/EATOTHER DRAWriNfG could YOU MAKE^TO SHOW M0^\ 
ABOm^HE-B^LOCK SHAPE? (An outline of the side. Note 
that although the block^has six sides, they are not all dif- 
ferently shaped. Fouc side^are^^ofone shape a'nd two sides, 
'•^are-of another. Therefore the two* ou^tlrnes^re sufficient to 
represent.J:he view from aH six stdes . 

Have them ma4ce an ojatUpe-^of the si^e. ^ ^ 

/ HOW'iaiHIS DRAWING MORE COMPLETE THAN THE . 
DRAWING YOtJ MADE OF YOUR HAND?' (The representa- 
" tion of.the hand shows the outline ^'only^from the. top .or the 
bottom* The side- view^of the hand is not represented^) / 
/ ■ . * ■ ^ ' 

Ask the- children taJook at Worksheet 3 and to identify the 
objects repre.sented^. " ^ • „ , ^ ^ ' . 
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Lesson 2: ' SCALING WlTH . LENSES' ; ''"f .. 

• This lesson intro'duces the idea that representations, of' ob- 
jects can be made that are S'lnaU'er or larger than .the objects . 
themselves, „ 

, First' the children observe natural objects and pictures of nat- 
. uraLobjects through magiiifying 3nd reducing" lensesV* The • / 
. children 'have an opportunity- to observe that the\appearance. • 
. of a shape enlarges or decreases in all its dimensions whe^i 

seen through these lenses. -They also see that details^ are . 

either more or less, discernible when the objects are magnt-' 

fied or .reduced, ' - ^ , * 

• - Then they are asked to^make I I scale drawings of letters 
« ar)d shapes as, they are seen through a lens~.. That is, a pic^ 
'ture of an- object seen through the magnifying lens should be 
about twice as long 'as the objetct itself ,, and a picture of an 
object viewed .through, the reducing lens ^should be about half 
as long as the object, this operation scales the object up'or 
down by a factor of 2. Introduce this terminology to the chil- 
dren as you describe the procedure. 





** *"' ' ^ . * ^ * ' . * ' * ' 

^ ^ ' ' . ^ _ ' _ / ' \ 1 • . 


— 0 




•"^ ' ' * «• • 

\>" 


' • J' 




..'materials ' . ■ / " • 






--. natural objects such as leaves, hair,, feathers, insects 






" .. overhead pfojeatqr • * * > ^ • 
. . ^ - transparency of Worksheet 5' . - • ' ' 

— - for . each child — , ^ ' 






\ . r . 2 lenses, one concave and one convex • 






^ . -T.-i-ounce plastic cup • > " • 


to 


- 


' - ruler ' ^ , . . . . • * 






. - Worksheets 4> 5. arid 6 * - , ' , • ' t 






PROCEDURE; ^ - \ " ' ■ • - , 
- . ' Activity *A r '' ' \ ' , 


** 




Give eaqh child a sheet of plain pap,er arid ask him- to draw 
ah outline of his thurriib", After^the drawing.is completed 
giv^ feach child two lenses, one concave and oae convex. 
Have them^ look through each of these lenses, first .at their 
'thumbs and thferi at the represerxtations of them, (Show them 
how to move the lenses up and down until |;hejmage*is. 
sharp,) ' , \ J " 

* Ask what happens to the^appegrance of their thy m'bs when they- 

• look at them- through the , magnify ing Jfen ^7 What happens to-'-' 
" , -.the appearance of the representations of their thumbs? . They 
should^ obseive f hat-both the real thumb andjhe representation 
' appear larger through the lens. . . " ' * 


Y 


> 

* * 
• * 


"/ :^ Now hay^ them look at thei? -thumbs^^ind^ the rep'fes^ntatibns of 
""them through the other lens. Thfy^ should observe that this 
lens.malces both Jthe thumb.and itf representation appear smal- , 
4eR.. ■ • - ■ * 
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^ ' • ' •■ / • ■ ' . 

/ * 





To cg,ll attention to the effect^ of magnification and^ geduction / 
have the-chi'ldren look at their thumbs carefully and'then look 
at^them'agarin through the magnifier. , - \ • 

■ WipVT DETAILS 'DO YOU SEE THAT -YOU^ DIDN^T SEE 
^wiTHOUT THE mGNIFIER? . ^ * / 

1A(HAT DO YOU SEE -IF. YOU LOQK AT YOUR THUMB - 
THROUGH THE I^EDUCING LENS?" (The children. s'hoUld' *^ 
^ note that magnification reveals greater detail and. that 
after reduction, some details are no longeKvisible^j' 

. Call attention to^he-shape -dfjhe/tenses. Have the children 
r examine and feel them.."ThV>ma'*gnlf7ing- lens js convpx <Z>' 
; and the reducing lens is'concav^ t==d ... . - - 

Activity- B- ^ - . " , j - ' "-.^ ' ' 

Make a^ coUection of natural objects' for the children^ to^take. / 
turns obserying through the lense^,. They shbu^ observe. many 
. things, such^as leaves, butterf lids from .a'doUection,* human ' 
or animaj^hair, and feathers. Also have'the children Jppk at 
- various objects frotrt their.-de.sks through the lenses. 

Give each qhild a 4-ounce plastic cup which he can invert to^ 
use as a support for the handle of his Lens. . ; 




*>Workshe6t 4 provides a number of |^ictures,fpr the children to 
examine with their magnifying and\educing lenses^ 



Vorkthot ^4 

Unit. 18 ..^ 
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Worksheet 5 

Unit 18 
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After they have examined several natural objects and pictures 
of natural objects, ask the^chiidren ho W much, larger, they 
Ihink the magnifying lens makes things look and^how much . 
-''sjTiaTler the reducingMens makes them appear to-be.^ " 

ARETALL OF THE THINGS WE LOOK AT ENLARjGED OR RE- " 
DUCED>EQ"UA'LLY WHEN SEEN THROUGH TfJE SAME LENS? r 

Tell the children that by* iooklng at letters and shapes^and 
drawing some of them, they may.be able to find'out how much 
the appearance of the object is enlarged or reduced through 
e^ch ojf the lenses. ,. ^ 

Have the children turn to -Worksheet '5. ' 

Call attention to the letters in the center column of the work-r ^ 
sheet. Tell the children that they will use their lenses to..^ 
look at'the letters, and then cppy them in the si-zes they ap- 
pear to be.^ It may b^ easier for them? to work ttrey rest the 
handle df the^magnifi,er on , the bottom of the inverted^ 4Tounce. 
plastic cup. Those children who have, trou-ble working. 'tV'the ' 
left of the lens^may turn their papers upside down\ 

Work together .on the first row. Have the children look^t the- 
T In Column 3 thrpugh the magnifying lens. When it is sharply 
in-focus they should nqg^ce that it,appears to be, eibqut the same- 
gize a| the dotted T in Column 4. Kav^them, look through the 
lens' carefully and trace over the dptte(i T in Columji^4 tb-make a 
magnified letter-that looks like the o^icfinaPpne asleen through 
the magnifier. ^ " . V 



Now have them lo'bk at the-.T in-'Column 3 through the reducing' 
lens. They should notice that what they see is afciout the same 
si2:e as the T in Column 2. Have them trace over the dotted! . 
in Column 2 to make a reduced T that looks like, the original -^^ 
one as seen through the lens. ^" - ' 

• •• •. .. ' j< 

Suggest that they make an even smaller T by><ooking through the 
reducing lens at .the .one- they just drew and drawing ih^ Column I 
what they now see. They may make' a larger T than the one in * 
Colunin 4 by looking at it .through a magnifying lenffand drawing 
what they see in Colum,n 5. . « ' " 



Tell the efiildren to complete the worlcsh^t and to compare the 
letters they have made 4n the different cqlunihs',-,^C^ letter ' 
to the right should be almost twice as' high as*the letter in the 
columri before it. Each letter to the left should be-'atout half 
as high.) The last.row wiH be used lalct. " ^ \ 

DO 'THE- LETTERS APPEAR TO' BE JUST TM.LER V/HEN YOU 
■ LOOK AT THEM THROUGH THE MAGNIflER, OR DO THEY- • 
LOOK WIDER- ALS6? - ' " / ' 

bo JUS'r SOME FARTS. OF THE LETTERS BECOME LARGER. 
OR DO ALL OF THE PARTS ABPEAR'TG INGREASE IN SIZE? . 



HOW CAN YOU CHECK THE LENGTH AND WIDTH ,0F. THF 
lETTERS^AS SEEN THROUGEI' THE LEN&^S? (By measuring 
drawings.) - * ' * ' * ' 



Activity C ' *\ * * 

On VVbrksheet 6 the children will look at shapes through ''the 
lenses and scale them up an(J^do^{^n in the same, vj^ay that they 
did^the letters on Worksheet '5 . Then.they^will. study tl\e: , 
\ 'shapes to find out how^he lengths and the widths/chSnger ; 
H^e t{ie cKlldrjen complete Ro>y t* 5^k them to gonipare the 
dimensions of the shapes they, have drawn in the five -columns. 
At this fifne the children should ©nly make the general pbser- 
. *vation th.at.each shape seems to be- h^lf.Cr t^ice as high as 
the ond nexttQ',it. Review .what the dhildren:have done so- - 
. far, and then ask them^ to finish the workshQet.. * 

Have the children compare the enlargements and^reductioris in 
each row /'using their rulers for measuring. The dimensions • 
will not be in whole units ^ Have thejfp use the nearqat unit 
of measurement. , ' .* " . 

IS EASH SHAPE 1^ QOLUMN 2 ABOUT fWICE AS WIDE 
AND TWICfe AS HIG» AS EACH SHAPE IN COLUMN I ? o 



IS EA,CH SHAPE IN COLUMN* 3 ABOUT .TWICE AS WID,E 
AND^TWICE AS HIGH AS EACH SHAPE IN COLUIVIN 2? 
(Yes. ) . ■ , " . ' 

IS 'EACJI-SHAPE IN COLUMN 4 HALF AS: WIDE AND 
HSlrrAS HIGH AS EACH SHAPE IN COLUMN 5? ' 
(Yes.) .. ■ ■ • ' ' # 

PO VrOU THINK THAT OTHE^ THINGS SEEN f HROUGH 

THE SAME MAGNIFYING LENS WOULD ALSO APPEAR 

t6 BE TWICE AS HIGH?" (Yes.). '. ■ . • • 



DO YO&THINK Ti^AT OTHER THINGS SEEN THROUGH 
THE SAMMEDUCING LENS WOULD ALSO "APPEAR ABOtJT 
HALRASHIGH? (Yesi) . " " . 



■Have, the children go back to Worksheet 5 and measure to see 
if the T in Cplumn 3 is about twlce' as high as the T in c'ol- 
limn 2, 

GAN<y6u ADD'Xrf^Hfi'R^'oLUMN TO TflE WORKS'HEETS 

' • BY trSIIvIG THE SAME MAGNIFIER? (No /)': ". v ' ■ . 

. X . ~. . 

/"Why not?; {|he*rfta^gnifier: isn't l^^rg;e'err6u^h. .T-he sh^pe 
\: ID^ letter* ektends,b^i^^^ edge\of the len"s. You could 

' "dout if yp.u had a mag^fier with a'greatetr diameter.) 



Activity p 



-Hayatfie children look at a s'hapi^ in.Gplumn 5 throjugh the re- 
ducing lens,' Askaf they can find anotl}er shape on the.worki.- 
sheet that lo*ok6 like what 'th.ey see through the lens. ' Jhey . 
should find it in Column 4..) ^Have thdm recall how' they drew 
the shape ;iri ^Column 5". "(They copied what t)ieyj,saw in Column 
4 through'the magnifier.) Repeat with several :6ther shapes in 
Columns'^S, 4 and 5, to provide experience with the effect of. . 
the reducing lens undoing, the effect;.of the Tnagriifying lens*. _ 



Go to Columns I and 2 on the works,heet and follow the same*^ - 
" • procedure, using the magnifying lens to get back to the size 
from which the reduelioris were made. ■ • 

The children may draw a letter or shape of their own choosing 
in Column 3 of t-he^last row of Worksheet 5, and enlarge and 
reduce.it as they did before. . : _ 

Activity E ' ' . ' ^ x 

In presenting the following sequence of pictures, fold your 
• manual back so that you can show 'just one page at j time. 

Show the title page and then page one of "Through the^Magic 
Window" to the children. Ask the children what the picture 
is. (Three buttons.) If they do not guess correctly, don't tell 
them. They can find out they were right when they look at the 
following pictures. ^ Ask the children what they'notice about the 
pictures. .(Each]; one *is twice as long or h^lf as long as the one 
• / before it.)^ " . , 

* , *♦ * 

Then have the children make a similar picture story using a 
subject" -of their choice. Some possible* subjects. are a hug, a 
^butterfly, a fresh flower, a plant leaf (especially a hairy one), 
^ carrot or celery tops. The most interestlng*"sub*jeQts 'are, those 
with additional details to be revealeci under the magnifier, and 
those that come from environments the children can find out 
about and include in their scaled-down drawings. 

Blank 1' Magic Window" 'frames appear in the Student Manuals- 
after Worksheet 6. Have the children draw a middle-sized 
' picture in window frame num^-ber 3 and then make tw©-step en- 
largements in frames 2 Bnd 1 , and two-step reductions in 
frames 4 and 5. , ' - . 



— — * 

' Les-feon 3: ENLARGING PATTERNS 

An^pverhead projector Is used to project silhouettes onto the 
'chalkboard and ento.^ grid. When the projector is moved 

bacl^; the silhouette, imase becomes larger, but other pro- 
' pertles of the image remaiii the same... 

The children apply this concept when tftey scale up the dimen- 
sions of obijects by drawing on griys of two- different sizes. 
Then scale factor is introduced: the' children enlarge other . 
patterns'* by making^two umts^TTf^teTigth^^ they 
draw represent one unLit_oiLlfing,thL-o£ihe original patterns . 
(This work is done on grids, of equal size.) The multipli- 
cation equation for the length of \he side is presented. 

* -Introduce the-word "dimensions" when measuring the length 
of the sides.- This is important because when two dimensions 
^ of a shape are -scaled up hy a factor of 2 the area>of the shap 
' 'increases by a factor of 4. Thus it is necessary to. emphasize 

that we are scaling iup the^dirnensions, not ^Jie area» 

-If a child notices that the area of the shape he is working 
^Xth increases - by- more. than-a-factor~of-'2-when the le ngth of * 
a side is dpubTed, tell him that he is right, and that we; will 

r """^ofR^lA/I£h"a]rea"Tafe^^ 

Be sups-^hat"^^^ projected, 
in tfie course of these lessons are representations of the ac- 
tual objects. — - * , . * , 

For a ll"fhe activities involving projectedimages, be sure that 
projector lens and 'center of image are the same distance from 
the floor to avoid distortio n - of y th e^ mage . : — 

materials' . » 

> , - 

- overhead projector 

- transparencies of Worksheets 7 and 9 

- silhouettes of man^-noUse, rabbit, and i-inch squarfe 

- I -inch grid paper 
, r- Worksheets 7, 8, 9 and 10. 



\ 

\ 



■"'.5 



P.RpCEDURE . • ^ 

ActL\/ity A ? ' . - " ' , • 

^'Set the oyerhead prbjector about 30 inches from the chalkboard 
. and. place the silhouette of the man on its. stage. - Bring the' 
. ^ imagB- into focus o^ the board. Ask the children what you 
might dp to get a larger image of the man on the board. If ho 
. one suggests that you can move the projectpr back to enlarge 
the image, dempnstrate-this. Then ask the cbil'dren what 
things are the^same about- the small images and the large image* 
\(The shape is the same— they both have two arms, two legs, 
' ere>)^;Next ask what is .different about them. (The dim^ehsions 
are greater 1oh the second ohe— the image is taller and wider; 
the second image is bigger; Some children who have had 
^ MINNEMAST Unit 12 may say^ that the area is greater.) 

^ , Repeat the above procedure using the silhouettes of the small 
^ house and.the;fabbit. , . . 

Return the projector to, 30 inches from'the board. Plade. the ] 
onerinch square on*tha stage of the projector. . Have the 
children tell you how to make the rimage pf the square look • 
larger. If possible, let a child move th| projector- back to 
show how\to enlarge the image of the square. . * ^ 

Ask the children "what things ark the same about the small , 
image and'^the large -image. (They are^both dark*, have four 
- ^ corners, are the same shape.) Then ksk what is different 
about^them; (The sides are, longer; the square is bigger or 
the area, is greater. ) ^ ' — ' ^ 



■ Have the class- turn to Worksheet "? . Use the t,i;artsparency of • 
th6 wor.kSheet on the overhead... - WUh the help of the class do 
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Worksheet 7 

Unr IS 



Name. 



Scale up the'BRiiKM p«t terns* . * 

Driw the. new .patterns on the Urge grids* 









it 





Sc*lmi 1 «iD«U unit 1 l«r9« unit ^ 
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Sc4tt; I sm^U unit — »1 largt unit" 
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-the- firstvpatfem on the transparency while the. children do it " / 
on thdir worksheets .- Ask the children' in what wa^ th^ work- 
sheet is. similar to^wh^it^they saw with the projector. (The^ - ' 
shape of the new pattern" is the samS^ut the dimensions ara 
greater.) ' ^ " * • ^ \ * ^ 

Have the. children complete the second pattern independently^. 
Check their work rand help tttos/ who need it. A * 

Worksheet -8 shows- two grids of different sizes. Have the^ 
children make their o^ drawings on the small grid>and then^ ^ 
! scale up. the dlmwptsiqns {the lengths of the sides) on the laif-* ;^ 
ger grid# uSing^e scale of one small unit one large ubit. 
, When they .are frhished, let the children show their patterns^ 
to the cflass a^d tell. how they enlarged them. 



. .Activity B 



0 
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Preparation: ' v ; 

Attach a 1-inch grid paper to the chalkboard. * Put the l-ihcha.- 



29. 



0 - . ^. . ■ ■ • • ' 

-f ' . . ■■ ■■ 1 . . . 
square on the projector stage, and line ujj the projector so. • . • 
that the image of the square covets four units on the gri'd at-r 
tached to the board." ".(Thb projector should b,p,aBdut'30- inches* 
Itorri' the board.) .Turn off- the :projector.: • ' ■. ' 

r .. • .. ^ 
Procedure: ' . ■ 
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Telj the children that you have p.u^ a gWdon the board so that,** 
they can find out how much longer the sides ofcth^e square- be- • 
tfome When you mbve the projector. Turn. on. the isrojeptor and . 
ask the class: .\ • . ^. 

, HOW LONG ARE THE SIDES t^'^THE SQUARE? (2 units . 
. *"each.) - ^ . 

^eco]^ the answer on the chalkbbard. Ask the children how 
to>maloB~the-sldes~ol±h^^ (They should 

s'uggest moving 'the projector away from the board until.the 
sides of the shadow are each 4"units long.) If possible have 
a, child move it back aS far as he thinks he sholild for the ' " ■ 
sides to be twice as long.. , . ' , . * \ 

ti , ■ , 

H-HOW MANY UNITS .LONG ARE THE' SIDES OF THE SQUARE " 
NOW? (4 units each.) , ' ' , " x 



Tell the children that they have scale.d up the sides of the 
square^sy a factor of two. The sides' of , the square are now- 
twice as long; as they were. Explain that the length of the - 
'sides has been jriultiplied by two, and every one unit of 
length along the edges.of the square has become two units. 
Record" on the board the change in th^ length of the sides 
the square when .they are scaledOip by h "factor of two: ' 

:^ ■ 2" X 2 =.4- * 

Have'^the children turn to Worksheet 9. Do the [first pattern 
with the, children. (A transparency is providecl.) Tttef are 
to do their drawings on the grid to thfe right df each shape. 
'Guide the children to notice that each unit along-.the^ side of 
the shape'will become two units along the side of ihe draw- 
ing that they make. (One 'unit will become two^units; two 
units, will become four units; fete.) " , / ^ ^ 

The children, should be^^ble to- enlafge^the^secphd pattern by 
themselves. When they have finished, as,k a few children - 
to show the pattem^hey drew and tell what they have .done. 



a 



Worksheet 9 

Unit 18i 



ScliU up the dinentioiis tnhe^length of nif) of the / 
Pfttterne by a factor of 2; 
Draw the naw patterna 6n the grid. 



iMU: t unit 2 units 
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Workaheet 10 

Unlit 18 



Name. 



Ehlarge the caterpllUra* 

Use the acale shown b^low each one. 
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/Sc4l«: ( unit 2 units 



Activity C 



I 



In Activity A the children scaled by using units of different 
size, 'and in Activity B by using a I 2 scale factor. Jn 
Worksheet 10 thfey enlarge/the same picture by both tech- 
niques. * / . 



Call the children's attei)tion to the two scales shov\m and ask 
thengjpvhat the. scales tell them to do. After they havQ cij:awn 
thefRterpillars , guid^them to compare the twb^enlarged 
drawings. (They should be the same size and shape.) - 



Activity D 



/ 



* Ask how the larger/caterpillar compares witf>"the smaller one.- 
(It is twice as loni^ and twice as wide.) Togethef with^^the 
class , develop tlje multipligation equation for the length and 
width of the larger caterpillar. Call attention to thfe second' 
" pair of caterpiil^irs to lillustrate the increased as fojildws: 



EACH I UNIT OP LENGTH BECAME 2 UNI^S. THE 
CATERPILLAR WAS ' 4 UNiTS LONG AND BECAME^ 8 
-U-NlTS-iONGv - THE MULTIPLICATION EQUATION THAT 
DESCRIBES THIS IS: ' ' ' . 



2 X.4 = 8 



Have the chiiaren.^turh back to Worksheet 9.^^ Together, 
develop equatiSns^for the"^ change in length of the sides:.of. 
the^fst-pattera^\' ^ ^ 



2x3=6 



CM 

X 

CM 



The^seGond-P- attem is ^ more ^complicated "shape— that is , 
it has more-^ side.s. But the change in the length of^^each side 
ik described in the same way: 



2x3=6. 



It 

CO 
CM 



CM 
II 

^2x1 



^2 



CM 

cM 



2x4 = 8 



Call attention to the fact that the scale factor is the same, 
2, in each of the equations. ^ 



Lesson 4t REDUCING PATTERNS 



The overhead prdjector is used to project silhouettes onto the 
chalkboard and onto-a*' grid sh6et. When the projector is 
moved closer to the screen^ the silhoueiies becom e sitia^KBTT'^ 
Following this illustration of the fact that'iihe^'sfiapes are the 
same^n~evBry-dBtmi--ie^^ — 
scale down the dimensions of objects by using paper with 
grids of two different* sizes.. Then they go on to reduce pat-^ 
terns using scale factor. . They make one unit of length of the, 
pat'ierns they draw represent two units of length of the qr\^^ 
ginaT pattern. ' ^ - ' - ^ — ^ 



MATERIALS : ' . . • ' ' - 



. overhead projector . . 

silhouette shapes of man, rabbit, hous.e, and l~inch square 
L-incb grid paper ; * ^ ' • 

transparencies df Worksheets M, 13 
Worksheets hi, 12 and 13 



PROCEDURE 
Activity A - 



\ ■ ■■■■ 

Follow procedures similar to those in Lesson 3 , ^k^Ut this .time 
start with the overhead projector about 60 inches from the 
board. Place^the silhouettes on the iprojector stage one at a . 
tipae and ask the children hqw they can be^made to Ipok smaller. 
If the children do not suggest moving the projector closer, to the 
board, demonstrate this. Then aSk'^the "'children what things- 'are 
'the same about the large^and the smqll silhouettes and what 
things^ are different. - ^ - 

Have the class turn to Worksheet 1 1 . Ask in what way W'orkr- 
' sheet:?;! I is similar to what th^ chil^lf^n s'aw with the projector*.^ 
^ Use the transparency of Worksheet n.on,the overhead projec- 
tor /.and ^ork with the class^t;o do^thejfirst pattern. . Ask the' 
children to complete the second pattern by. themselves. If 
they seem to undefstarTd what they* are doing, let them do 




ffbrkiheet '11 
•Vnlt IS 



tw"t¥©"n©w pattern on tht smU grid. 




Scale; - i Ury» uou -^1 •mclluntt 




SCilt.** I Ur?» unit iffl«n unu 



Workiheet 12 

Unit 18 



Drtw your own pattern on the large grid. 
Reduce It on the imaai grid. 
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6c4lK \ Ur9eunti .~* i sdaU unu 



Hake another drawing. 

Let a partner reduce i t on your amaU grid, 
Doei It look like your larger one? 



oMle: I Utqt unu > ifuW unu 



Workshe^et 12 independently. Gw-e additional hejp if needed i 
- "The children^ are to ma ke a drawing on. the; large grid- and then 

reduce it on the small grid.. Then they will make another. di'aw- 
,ihg a'nd exchange papers with a friend. .This time they are to 

reduce each'other's drawi.ng. Each may check the other's 

papqr. • . 



Activity B 
Pxepafatiori: 



For this activity the l-mch grid pap^r should be attached to the 
chalkboard. Put the l-irich square on the projector sta^e, turn 
on the projector, and line it up so that the image of the I -inch 
square covers an area of the grid paper with 4 units on each 
edge of the^ square. (The piyjector will be about 60 inches 
from the board.) Turn off the projector. * ^ ^ 
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•Procedure: 



Tell the children that you have put a grid paper on the board 
so that they can find out how much shorter the sides of the 
square are when the .square'becomes smaller. Turn on tiie pro- 
jector and ask the class: ^ , ' , . 

' HOW LONG. ARE T HE" SIDES OF THE SQUARE? (4 units . ) . 

Record the answer on the chalkboard. Ask the children how to- 
make the 'sides of the square half as long. They should suggest 
moving, tlje projector closer to the^ board until the sides of -the ' 

'square are each two units long, if the projector is on a movable 
cart ask a child to move it as close as he thinks he should to 

. make the image half as long* ' ' - 



Worlcih««t 13 
Unit 18 



, N«Me. 



Re<tuce the^dlHenttonB by « factor of 2. 
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Sc«It: l,unu$ I unit 
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>c*lr. 2 units I uni^ 



HOW MANY UNITS LONG ARE THE 
' SIDES OF THE'SQUAPI NOW?. 
(2 units.) . * 

Tell the children the sides of the 
square havje been scaled down by la ♦ 
f&ctor of two; two units have'be- \ 
come one unit. The sides of the 
square" are now half as long as they 
were. The length of the side^^as 
been divided by two.. (Npte4harwe . 
use the term 'Sdivision Vnere, but we^" 
do not write division equations.) 



Have the children turn to Worksheet^". 
13. Do the first pattern with the^ * ^ 
'children. (A transparency^ is. pro- 
vided.) Guide the children to notice.^^' 
that; -as in the projected square, ^ • « 
each two units along the Ride's of 
thd shapes, on the-5Vprksheet will be- 
%:ome;6ne unit. Two units becomp 
one unit; four janits become two units. 

.Have the children complete the se- 
cond pattern independently. Check 
their work. • 
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Lesson 5 : ENLARGING AND REDUCING PAa"rERNS - ' 

5 

* f 

^ o The children practice enlarging and reducing patterns using 
the methods they have studied in the two previous lessons. 
First they scale up and down using grids with different sized 
squares, and then they use. grids with the same size Squares 
to scale by factors of 2/^3 apd 4/ • 

Finally they scale a figure up,^ and then scale the e.hlarged fig- 
ure down again by the same" factor,-* arriving at the-original fig- 
ure. This illustrates the fact that scaling up and di^wn by the 
same factors "^undo each other, and so lay^ the groundwork for 
the concept that multiplication and division are opposite— that 
they undo each other. Because division, h^s been/barely intro- 
duced in Unit 17, the division concepts' are mostly intuitive 
here. 'We say that thq sides of a pattern. that ar^Vscaled down" 
by, 2 are half as long as the sides of the original pattern, but 
we do not write" division ^equations/ 

MATERIALS . > ' . ^ \ ' ^ 



^ overhead projector 



\ 



- geometric shapes: squares, diamonds, triangles, circles/ 
Woi-ksheetl 14 through 19, ' \^ 



PROCEDURE 



\ 



Activity A ' - ' 

s Set the overhead projector about 60 inches from the chalk- 
[ board focus it, and place one of the geometric shapes on 
the stage • Ask a child to trace around the' projected outline 
on^the chalkboard • Move the machine further away from the 
^board, .focus the image, again, and ask another chi'i to trace 
the outline of the projected representation* Then move, the 
mac^iine quite close to the baard, focus it, and again ask a 
child to trace the outline of the projected im-age* Ask the chil- 
dren how'the dimensions of the image changed when the ma- 
chine was moved farther from and then^ closer to"the board. 
Which properties remained the same? 



Repeat the acti\^ity using tlje other ge-ometric shapes, and 
also thiWgs trotn their desks or around fh^ room that the chil- 
dren might suggest. Aslc a child to put his hand on the ; ' • 
stage of the projector and have ^ahdthei: crhild^^ace its .shadow 
on the chalkboard. Repeat ^ith the machine at another distance 
frqm the board. /In each case:discuss. wijth the children which 
properties remain the same and which properties change. 



Ask the class to turn to Worksheet 1,4 andjobk at ^^hfe sailboat 
representation on the middle-sized grid. Have the/children tell/ 
you. what they would have to do.to reproduce the a^ilboettsQn the^ 
two other grids. Guide them to'th^ procedure of counting tffe--/ 
number of units for each part of the*iai\b<5at B.efcjre reproducing 
that part' on another grid* 
way. 



Discus S Worksheet' 1 3 /in the same? 



, Worksheet^ 14 
-Unit 18 



Nnme_ 



Reduce^the tiailboat 
on the small grtd; 




Qilarge the sailboat on the large gfld. 




WopK>H«»t 15 

UnU 18 Nmmu 



JR«duc« thrT«prM«it«tton 
of th« wm on th« smU grid' 
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Sc«Ut I ailMlftUtd uatt I 'ImU uaU 



BnUrgt ihm mui on 
th« Uro grid. 



I untt 
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Check the*finished wbrksheets. Then 
Have the children "turn to Worksheet 
•16 . On^ tills sheet they are to make 
their owhrpattems on the middle- 
* sized "grid/ and then scale them^p 
and. down. Ask some children to ex- 
hibit their. work and tell what they 
did. ' 



-if 



Activity ^ 

]Z)i«'cuss with the children what it means to them to scale up by 
. a factor of 2, 3^. etc. The children should understand that v^hen 
the dimensions of an object are scaled up by a factor of 4, the 
; " Ungth^^pf the sides.jbecome twice as long as the sides of the 
original; when thS scale factor is 3 , the lengths of the sides 
become three times as long. 

. Have the children turn to Worksheet 17 arvd scale up the draw- 
ing first by a factor of 2, then by factors .of 3' and 4, making the 
^ side^s twice as long as in the original liattem and then 3 and 4 
times as long. Be su^ethat they understand that tHey are to 
start at the dpts and. Work to the right and up. Work 'wj^th the 
children as they scale\up the triangle by a factor of 2. When-, 
they work on the triangle, some children may find it easier to 
use a ruler to measure a^d then double the lengths of the sides, 
while others may continue' to icale by counting grid units. If • 
• possible the worksheet should be fcompleted independently. 

y/hen the children have finished scaling up the triangles^ have 
ther write equations for tHe length of the sides of the newfig- 
urcs^ 
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WdrluliMt 17 
Unit 1$ * 



Nate Urf«r triancUt'to «ctU. 
Start tt tht dot Mch Urn: 
Work to tiM right. 
Ut« th« •c«r« thovn b«ld« Mch dot. 
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Seal*: 1 unit ^ 3 umti _ 
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Sc«Ii: t un»t 4 unlti 



Worksheet 18 
Unit 18 



Nime_ 



Scale down the Urge rectangU. 
Start each new roctangle at the ^ct. 
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Sc«le: 


2 units t 


1 urMt 
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Workaheot 19 

Unit 18 ' Naw©„ 



' Scalo-up thla picturo by a factor of 2. 
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Now MaU down th« ntw picturo by a factor of 2. 
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Next have the children turn to 
, Worksheet '18,. and ask them to* 
scale down theVectangle first by a 
facjtor of 3 and then by a factor of 2, 

Hav4 the children do AA^orksheet 1-9. 
without any preliminary discussion • 
Afterwards have thqm discuss what 
^ they .have done. T^hey should ob- 
serve that in- scaling the same rep- 
resentation up and then down again, 
one operation undoes the other. 
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WHEN WE.SCALE UP BY A FACTOR OF TWO, THE SIDES BE- ' 
COME TWICE AS LONG. WHEN WE SCALE DOWN BY A FAC- 
TOR OF TWO THE SIDE'S BECOME HALF AS LONG. WHEN 
WE SCALE DOWN. WE UNDO SCALING UP. 

■<»'■' \ \- ^' 

Scaling up is a multiplication t^racess ; scaling down is a divi- 
sion process. We hope; to develop an intijitive notion c^f multi- 
plication and divi'sion as inverse process-es. But it -is hotneces 
sary to spell this out to the children. The extension of these 
divi-sion concepts will be made in third' grade, 
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' Jl^^^SririCALING WITH AN ARCHITECTS RULER 

An architects- ruler is made up of six. different -scales, in vari- 
ous multiples of a 1 -> 1 scale. To make a representation of a, 
^ rect'angie!in-a scale_of J..-7>_3/i you measure the original with 
TR^r--»~l-scMF-efnd=t^ ^s^?^ ' 

same number of units on the 1 3 scale. _ . . . 



0 




With this handy tool you can increase the dimensions of^the ot1>--" 
ginal shape by. a factor of 3, without using, grid paper, counting 
.units , or" solving ariy multtFilcatton-'equations-r— ■- ; — ^ 

Thfe children are provided a printed sheet from which they make 
their own rulers . They first learn to use therti , a^idjhen find 
out why they work.' When theVuse their own standard units to . ■ 
mark off scales along blanks lines , it helpVthem-to-see-how one 
icale is a multiple of^another. The architects-rUler~.is another 
fdrm of the parallel' number, lines the children were introduced 
to in Unit 1 7 , where one line represented tMj^MIPber^. kanga- 
roo jumpTiiraeot^^^^ . 
jump.X ' „ . 7^"^ 

Prepare arehitects ruler from the printei construction sheet 
'facing pd^e 42 before you teach this le sson. 



MATERIALS" ' ' " • 

- arphitects ruler;.(made from Worksheet 20) 

. ■ ■ ♦» ■ . " ■• 

" ^ * ■< 

— for each childl — 

- scissors 

- .strip of construction paper, I'jcS incHes 

- Worksheets 20, 21., 22, and 23 

PROCEDURE 

\ 

ActivityA ' . 



/ ■ 



Using the I I scale on an architects ruler, draw a f-ectangle 
4 units by 6 units on thfe chalkboara. Ask the class how they 
mighl; scale up its sides by a factor of I, Discuss and try * " 
some of the children's ideas. ' " " j . . 



WonuhMt 20 



lit 

f 5 

• ? - 
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.t 



>--0 0--0 



.^2 



Then erase aU but the orlginarrec- 
r tangle and have the class turn td 
•Worksheet 20, the scaling ruler con-^ 
struction sheet, jlell thernthat they 
are going to make- a spegi^ tool for o. 
scaling. 

^ ' i • ' , 

. Directions for makif?g architects 
ruler: ' " i ' " " 
. ^ ' I- . • 

1 . Cut carefully along, the bottom " 
4ine of the 6 scale.' The 

top edge of the paijer is the tuck- 
in flap;'n6 cutting is necessary.* 

■ 1 ^ 

2. Fold carefully along each line . 

' so that the numbers face out- 
• ward . (The bhildren may need 
,help with the folding.) « 

3. Paste the flap above the 1^ T 
scale to the underside of the 
- 1 6 scale , to form a triangular 
•. ruler. ■ . , <> -r 



Worksheet 20 
r Unit 18 
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♦Now use the architects ruler tcp scale up the sides of the rec- 
tangie on the bbard by a factor of 2. Direct. the children to 
lopk at tHe I U scale on their Irulers , and ask a child to ' 
measure one of the longer" sides ctf the rectangle oh the bo'ard 
using this scale. 
(6 units.) 



Have him write the .length next to that side. 



Then ask the children to look at the I 2 scale. Select one 
child to use this new scale ^to draw a line segment that is € 
units long on the chalkboard* This 6-unit length will be twice 
as l^g as the longer side of the rectangle^ • . " • ^ 

Ask a child to use the 1 I stfale to measure a shorter side oi 
the rectan'gle on the chalkboard and write th*e length next tc^it. 
(4 units.) Then have another child draw a side on the hew rec- 
taiigle, using 4 units of the 1-^2 scale. Finish the other sides, 



Worksheet 21 

Uat t is - Nnme_ 



B 



4- i^Mifs 




Have"" the class tqm to'VvOrksh^et 21 
and measure the sides of patterns' A, 
B/ andjC^ using the I -7^ I scale on 
their rulers. ^ They are. to record the " \ 
measurements along^the sides of the 

^ shapes . Then: they are to .'turn their.. \ 
rulers to the \ Z scale and draw , 

^ each \shape, using the same humb'er Of 
units oh the I 2 sqale. The dime|i~ ' 

^sions pf the-iiew shapes should be ; 
twice as long as the originals. . 

Oa another she§t of paper the archi- 
tects -ruler can be used to draw thes^ 
shapes to different scales, such as 
I 3.; I 5 * Encourage the chil- 
dren to make^ drawings of their own. * 
/ and scalie them up ,by a factor of 2 / - 
Z, etc. (Use the term "scale by a- 
factor of . . . " v^I\enever apprppriatev 
^ to relate scaling to multiplication;) 
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After the children hav^ used a, few of the scales on their arghi- 
tects piers , ask them if th^y have figured *aut why the rulers 

.'can be used to scale up iri^ this. way. If no one notices that, the 
units' on the different scales are multiples of the I I scale/ 

* do -not try to point it om now. Go light into the next activity, 
which sholild help,, them disc6yer this for themselves. If the 
children already see thp relatrpnship, Activity 3 will reinforce' 
their understanding. 



Activity B 



In this activity the children will make architects rulers that 
have only three number lines, but ti^ey will mark off the units 
themselves. Two of the, lines scale\up from the first. Work- 
sheet 22 shows 3 ruler Vfith neither^units nor numbers on it. 

Give each child a strip ot\constructio;n paper I ;k 9 inches. 
Have the chHdren measure a I -inch p!ie'ce at the end of the 
strip, mark it carefully , and put it.off , This is their unit ' 
marker. They kre to place th"^' I -inch un-it marker at the zero 
of the ruler's first line and mark off a unit Jength, then move 
the^marker to that j;narl^ and mark off anpther unit length, and 
so on /until the complete line is marKed off into equal units. 
The units' should be marked below the line, * 



/ 



; Flap ' ■ . ■ ■ 


1 1 

0 


1 J \ h 'A 


i ' 1 J.I 


1 - 1 '\ 1 ■ 1 • 1 

u 


1 

0 •■ 


• 1 ! 1 


1 



(3n the next line the children are to make a I 2 scale. With 
the onp-unit piece/ thej^ mark otf two units at the end of the, 
construction paper strip/. They cut this off andlase it to mark 
off the new larger units ort^'the second line, again starting at 
zero , ^ ' . / 



5 m* 



Ne^tti^^ use the one-unit piece to measure off 3 units at the 
end of the construction strip. They cut this off and use it. to 
ma^irk off still larger units on the third line. ^ . 

W^en'the children have finished, marking off units on the three 
scales , aisk how the length of a unit on the second fine com- 
pares i^ith the length of, a unit on the first line. (It is twice 
^'S long.) Explain that this is why we call the second line a 
' ■^•2 scale. Have them label the scale " \^ 

^sk how the length of a unit on the third line compar^s with the 
/Length of a unit on the first line. (It. is three .times as long.) 
The scale is therefore 1-^3. Label.it. 

It may be more difficult for s6me!children to understand why 
the first scale of standard units on which the other, scales are 
based is called the I I scale. Jf ,sci;go back t<i\the original 
rectangle/6n the board and have a chilci measure it with the 
I I scale and then draw a new one also using the I I 
scale. They will see that the new ^-ectangle^is the same size 
as the original. This should help them understand why a scale 
that produces a drawing in which I unitj^epresents I unit of the 
original is called a I r> I scale. Have them labeLthe scale. 

Now they should number each of their scales. 
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Have the children look at Worksheet 22 and at Worksheet 23, 
which is a duplicate of the one from which they made their 
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archit^dts ruler. Point out that these parallel number lines 
are similar^to the ones in Unit 17 , Lesson 3 , Eaoh larger"" scale 
is related to the' I, I scale according to a multiplication , 
(scale) factor. Since t)ne unit on the I 2 scale is twice as , 
long as one unit on the I I scale, one unit on the I 7^ 2 
scale is equivalent to two units on the I -» T scale, 2 units on 
the I 2 scale is equivalent to 4 units on the I I scale,' 
etc. ' . " . ' ' 

After the children have had e^fi opportunity^'tp 'fe^amine and dis- 
cuss the scales opened flat, if they wish to they can muj<Le 
another architects ruler from Worksheet 22 by cutting along 
the bottom line, folding the flap in and pasting as before • .The 
children can make I 4,. T ->_5,.„J -^,6, and I ->-7 scales on 
larger paper if they would like to, and use these to scale up 
their .own drawings • _ _ * " 

^ ' ■ • i . 

The^architects rylers made from Worksheet 20 should be saved- 

for use in Lessons 9 and 12, 




Lesson 7; SCALING WITH MINNEBARS- 



In this lesson the children will use Minnebar shapes and rep- . 
resentations of Minnebar shapes;to help reinforce their under- 
standing of scaling up and scaling down. Work with area ,is 
introduced here, but this is secondary to-the main purpose of 
learning to scale lengths. S^imple arrays are used to illustrate 
.the use of multiplication for finding area. The children first • 
* multiply length and width; then they can check their answers by 
! counting the Minnebar units in the shapes they build. Note 

that the work in this lesson calls for scaling in just twp dimen-- 
sions , length and width. 

MATERIALS 

- • for eachychlTd^" ^ ^ 

' - set of Minnebars ' \ "^^"^^ * 

- Worksheets 2A through 29 . / , ' 

PROCEDURE . ' 

ActivityV • • ' 

E^gA. child should have a box or bag of Minnebars on his desk-; . 
' Student Manuals should be opened to Worksheet 24. 

* ' * 

Have the children place a I -unit Minnebar in thd square on the 
upper arid of Worksheet 24. Ther ask Jhe children to use other 
Minnebars to make a shape that is similar to the black I -unit 
Minhebar.but whose sides are twice the length of the sides of 
th'e black'bar. The larger Minnebar shape should be built in the 
space provided* be low the first Minnebar representation. Haye 
• the children trace around the larger group- of Minnebars. 

WHAT HAVE YOU DRAWN ON YO,]JR PAPER? (An outline of 
a I -unit Minnebar scaled up by a factor of 2. The sides 
are twice as long.) 



Some children may build a shape 
that looks like this: ' 



L T t '"^"^^"^ °^ ^^^^^ stopping 

at that. In this case, emphasize that the new shape must be 

the. same as the. old, and therefore they must scale up all- four " 

S1G6S • ' . «■ ■ 

On the lowe/ part of Worksheet 24 ask the^ children to start 
with the I/unit black Minneb^ again, but this time to scale 
up the sides by a factor of three. The sides of the new ihape 
they make wi^l be three times as long as the sides of the! • 
black Minnebar. T611 them to build the new Minnebar shkpe 
on the paper under the blai'k bar, and then to trace arounS it 











/ 








/ 




} 




/ 









Some children may like to scale tfie sides of the l-unit-MinL- 
bar up by a factor of 5 . This is shown on optionakW%.kshee\ 

Return to Worksheet 24 and ask how many Minnebar units were 
needed to -build the first shape (I) , and how many were needed 
to scale up the dimensions by. a factor'bf -2 (4). 

Draw a representation of the l-unit shape on the board. " 
HOW MANY ROWS' ARE IN THIS SHAPE? . (One .) 



□ 



X I = 



HOW MANY COLUMNS ARE IN THIS SHAPe"' 
(One.) 

. ■• / " ^ ■ • ■ - 

Write the multiplication equation for the area of 
the shape on the board. ^ 

S^^E?^^0 NEEDED FOR.THE 

Point to the product. < \ , . " 

Repeat with the scaled-up shape. Draw a representation on the 
board. 



Worksheet 24 
Unit 18 



Naine_ 



Put a l«untt Mlnnebar on the square. 

Use more Mlnhebars to scale up the dimensions (the 

length of the sides) by a factor of 2« 



2 ^ 2 



Build another 1-unlt Mlnnebar shape. 
Scale up the dlmen»lons^by a . factor of 3. 



3 ' 3 -9 



.Worksheet 25 
Unit 18^ • Name. 



Scale up the tides by a factor of 5. 




1 X 1 s 1 



5x5 



l„x 
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~, HOW MANY ROWS ARE IN ^l^HtS SHAPE? (Two J - 

HOW MANY COLUMNS ARE IN THIS SHAPE? 
"(Two.) ^ . - 2x2=4 

Write the, multiplication equation for the, area of 
the shapQ, ^. ^ * \ 

HOW .MANY MINNEBAR UNITS WERE NEEDED FOR THE 
WHOLE SHAPE? (Four J ' 

■ . IF- WE MULTIPLY THE NUMBER OF ROWS BY THE NUM- 
BER OF COLUMNS IN THE SHAPE, WE CAN FIND OUT 
HOW MANY UNITS THERE ARE IN THE WHOLE SHAPE. 
THIS IS CALLED.TH-E*AREA. (Point to each part of the" 
equation as you mention it.), 

Have the children write the equations for the area next to each 
shape they have worked with on Worksheets 24 and 25, 
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You may havg to proceed step by step with some students-. 
Have them dbunt the Minnebars along the sides of »the shape 
to find the length of two sides. The§e are the two factors that . 
they must multiply to find the area. ^ They can count the squares 
in the entire shape to check their multiplication. *^ 

Even if some children have difficulty with area equations, they 
should move along with the' rest of the.'class , 'building and . 
scaling the Minnebar shapes, and counting the units to find 
'the area. 



Activity B- - 



VorkthMt 26 

U)it 18 



Nam 



Scale down by a factor of 2 



liave the class turn to WorksKeet 26 and build the Minnebar 
shape_ shown. Ask the_children to coun't squares on two sides 
of the shape and tell you what equation they would use to find 
the area (4x4== 16) . Write it on the chalkboard. Then Sfsk 
the Glass" to build a new shape- reducing or sdaling down the . . 
leogth of the sides of the shape by a factor of 2. The sides of 
the original shape are twige as long as the -sides- of the shape 
they will make. Each two Units will become one unit, and'^each 
4-unit side will become two units. long. You can show tl:ija class. 

a^ 2-unit bar arid *a I -unit bar and 
then a. 4-unit bar and a 2-uriit bar 
to help ^em see this. Have them 
write the equation for the area ^of the 
reduced shape. (2 x 2 = 4) 



8c«l« down by a factor of 4* 



n 



«c«l>: 4 
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In'the second part of the worksheet 
the children scale down from four .to 
one, or^by a factor of four. They ber- 
gin by using the same shape as be-v 
fore. Remind them that ^every four 
units along the edge of the shape 
should be reduced to one unit. Ilove 
them write the^ multiplication equation 
for the area of the new shape. 
(I X I == I) 



Activity C 



iDiscuss Worksheet 27 with the c|iil- 
dren, and then have them scale up 
the sides of eacl{.representation by a 
factor of '2.^Tfie5|^ are to cd'mplete the 

.page^by-writing the equations for the 
^area'. ,* ' . 
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WorkthMt 27 

Unit IS 



Scale up by « factor of 2. 
Write •quAtioni for each area. 



2x3 



"8^ 



3x2=" b 



ftilldWhla shape with Nlnnebara. 
Scale IIP the dlMnatona by a factor of 2. 




Row I L.x . X 

Unit* (n tht whol«.sh«pt ^ . 



X . .12 



Units in th» whol* shcp« 



JIO 



In^a class discussion/ compare the' representations and equa- 
tions of^ patterns A and B, Ask. what is similar and what is dif- 
ferent about them, (Similarities: Same total number of units/ 
same numbers used in the equations, same shape. Differences^ 
Numbers in different position ir\ the equation, rows and columns 
in reverse positions , different position of-shraile on the paper.) 

Activity^D / . ' . ^ . 

Have the children turn to Worksheet 28. They llave done the 
same type of activity before on grid p)af)er, but working with 
Minnebars may present different problems-. Ask the children to 
suggest possible methods for scaling the .irregular figures. If 
' ^ no one suggests it^ show how each figure can be\divided into 
two rectangles which can be scaled one at a time! It may help 
the children visualize the problem if they phy^icaj^ly separate 
the two rows of Minnebars . . 



^ 



i: 



J. 
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Show a two-part equation, adding the products for each rec- 
tangle to find the product for the area-of""the complete figure. 











.rV 











X 2 = 2 









y V 



X 3 = 3 



2x4=8 



8 ■ 
+ 12 . - 















1 — ^ 




> 

} 
















/ 


} 
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A X 6 = 12 ' 



Scale and write 'equations for the area of the shape step by step 
with the clasg. Let them do Worksheet 29 -independently. 

After the children have scaled up the irregular shapes in 
sections., h^ve them^move the Minnebars together to^ee 
what the new shapes look like, ' • ' ^ ' 



Worksheet 29 
Unit 18 - 



Scale up by 3. 



flaine_ 



Row I I X ( « 
•^ow 2 / K ^ <2 - <Z 



Units in the whole ah«pe 



«h«pe ^ 



PTt2 3^x ^ . \l 



Units tn th« whol* snipe 



snspe ^7 



V 



Lesson 8: TijREE-DIMENSIONAL SCALING 

In the previous lesson the cfiildrer scaled two-dimensions of 
* Minnebar sh^es. They used arrays to^help them visualize 
^mL|ltrplTcation for tinding^ area. • In this'lesson the children will 
' .scale all three dimensions of the Minnebars. Three-factor . 
multiplication is introduced as one of the. ways to find the num- 
i^ev of units in the three-dimensional shapes. 



MATE 




— for each child 

— I set of Minnebars 

T Worksheets 30, 31 / 32 and 33 



Activity A 



Each child should have a- I -unit Minnebar on his desk.^ They 
have scaled two dimensions using Minnebars, and now they 
are going to scale three dimensions. Ask a , child to show how 
he scaled u^ two dimensions of the I -unit" Minnebar in the last 
lesson. Then'^ask how he might scale up the Minnebar in-.three 
dimensions by a factor of 2. Through discussion .the children' 
should tell that in the last lesson they went through the follow- 
ing steps: , . ^ \ \ 



The one-unit bar 

was made twice 
as long, 



9 



arid" 

twice as wide. 



To scale it in three dimensions they will have to also make it 
twice as high. 



53 
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Ask the children to make a shape twiceXas long, twice as wide 
and twice as high as the I -unit bar. , After the children have 
built the shape, ask them which properties of the. bar have 
chang^ed-Bnd. which have remaine4^the sarnfe . (The length. of the, 
sides and-^the total number of'unifs have 6'h\nged, but the shape 
ha 6 remained the same.) 



For the first activity: the children should build the shapes from 
separate l-u niV Minnebars, but later they fnay need to use 
other bars so that they .will have enough units toXmakp partic- 
-ular^s-hapes^, . — ^1- " ' \ 



Check the children's work and help those who R^ed^^t befoi;e • 
Then tell the'chiidren to put ai^the bar^aside\ 
Have them scale it I -> 3,\ 



except for one I -unit bar 



Beforen'Rey^'begiri-tb'Wor-k-'tl^ able to fell yo 

they will need to make the following changes: - , 




The l-iyiit bar will 



three times as long, 



.0 



three times as wide. 




and three times as high. 



s 



\. \ 



Have the children niake a figure that is ,three times as Ibsigs, 
three times as wide and. three times, as' high as the I-unit^'bar, 
They should see that the' shape of the scaled-^up figure is simi- 
lar to the shape of the I -unit bar, but that all the sides are 
three times as' long as the sides of the I -unit bar. . 

(Activity B should follow' imme'Hiately. The children will be 
using the shape they haVe just made.) 



'^Activity B 



Checl< the I 3 Minnebar shapes made by^ the children. 'Ask 
the children; to look at their Minnebar shapes a'nd to think of 
ways :o -decide how many Minnebar units.' are* in it. Ask the ' 
children to write an equation for the number of units found in,' 
the "iop layer, " " ^ ' ^ ' ^ 



/■ ■ 






'/ 






/ 










Then' as 
this, in 



k'how many layers/there are and how they could shoXv- 
^ ... fequatiops. The c^hildren may suggest l.aying'out the 
three separate layers, computing the unjts in each, and then 
adding them to get thQ' answer. ' *■ 



Layer 



Layer 2 



L^yer 3 



/ 






'1. 


/ 






i 




/ 










/ 


'/ 









3x3=9" 



-7 



/ 








/ 








/ 
/ 








/ 




■ / 



Total number, 
of units * 

9 ; 
■9 
+ 9 



3 x:3..==-9— 



-27 



3x3=9 



Someone>ay come up with the idea that siK|ce there are three 
layers thdy couldoise a .multiplication equation (3 x 3=9 and 
3x9= 27|, or 3,.x 3x3=; 27) . If no child meh^ons this, method, 
you- may introduce it, but do not stress it. (Thik is the first - 
introdu-cti9n of three-factor mi^i.ltiplication in ihe MINMEMAST 
program.) J ■ ' ■ ' ' • ' ' ', 

;i . ■ • . ■ . ' 

Next have ithe children' put all ..the "bars aside except one I -unit 
bar.. They are to rebuild the shape they made when one I.T-unit 
bar was scaled up by a factor of 2. ' 



Work vyith them to develop equations for the layers and find tlie 
. total numbdr of units in. the object. ' ^ 



Layer I 



Layer 2 * : 



'Total units 



r 









/ 











zz 



■ 4 

jK4_ 

■ 8 



2x2 = 4 



.2*x 2=4 



- or 2x2 



The cljildren can cpunt the linits in the shape to.^ee if their * 
calculati6ns'*-are correct* ' *^ • . 



Activity C 



Have the class turn to Worksheet 30^* Do it with* them* First 
build the shape in a I I scale with Minn'ebars "and .then scale 
up the tHrefe dimensions by a factor of 2 (I 2 scale).. 

^ - ■• J- ■■ . 

• The following changes ^must be madet 



The 3-unit shape 
becfomes 

twice as long, . 

twi<pe as Vide, * 
and 

t twice as high. 



•1 

































J* 




















\ 


\ 












« 







1 — ^ 


1 — ^ 


1 is 


4 































Work with the children to develop eq.uations for the layers ifl 
this shape • 



* / '"^ayer I 



A 



2 



2x6= 12 



.Layer .2 



























■> 


} 


} 


■ / 


} 




/ 


/ 





Tofal .number 
of units ■ " 

' . 12- 
+ 12 



2 X: .6 = 12 



24. 



. ' :'■ or ■ 2 X 2 x.6'.=-24 " \ ■ ■' 

When Worksheet .30 has been completed') ask the children fo se- 
ioct one or mbre'of the plans ,oji Worksheets^ 31 , 32., .and 33. \ 
They are- to build the shajgesj^h Minnebars, and, then scale 
them up by a factor of 2.^ Although it Is more difficult to write 
multiplication -equations for the irregular shapes on Worksheetts 
32 and 3.3, 'some, children may enjoy the challenge. . " 



WorkthMt 30 ' 



liutld thlt thip* with Hinntbars. ; * 
Thtn it up by a factor 'of 2» 1 . 

Writt tquationt for tHt Aiiiib«r of mitt in tht ntw ont; 



in |h 



Uytr t ^ X to 5 



Total m^itt for shape 



Uyer t / 
' Laytr-2\£ii-: 



Or: 

.' I 



/ 



Worksheet 31 
Unit 18 



Name^ 



Build this thape with Minnftbart, ' * * * 
Then sea It it up b^ a factor of a, 1 • 

Write equ ations for the nunbtr of units in the new one* 





































1 



Uyer 2 ^ x ^ ^ /6 



Total units for shape * 

^ " Layer I /.f , 

* \ ^ Uyitr 2 ^I6> 

or: 



Activity C 



For this activity the children will use their architects rulers, 

lDTvld-e- y eur class \ntCi_cir£m ps=xrrf:: 4Mr4^ c^^nfj 
group to pick an object' to scale down so that its representation 

TaJce a few minutes to discuss possible objects to represent. 
They should be larger than the worksheet. Rectangular objects 
such as doors, tables, picture frames, or large blocks are 
easie.st to work with. (Qhildren who are skillful enough should 
not be restri'cted to rectangular objects. > 

Th'e children are to measure their grids with the I I scale 
on the ruler. This tells them what dimensions they will have 
room fpr on the paper, (21 by 16) Then they are to measure 
the QtlSjects they have selected with the I I scale. ^ Since 
the dimensions of the objccc are more than 21 by 16, the work- 
sheet page will be too .small for a I -^.1 representation. They' 
should therefore try measuring the object with the 1-^2 scale 
on the architects ruler. If the dimensions of the objects are 
Jess than 21 by I 6 of these larger units, a 2 I representation 
will fit on the worksheet. If the object measures more than 21 
units long, they will have to try measuring with the I 3 
scale, and so on, until they find a scale that fits. 

Now they can make their representations , measurinJfct:he object 
with, for example, the I 3 scale, and then maki^the draw- 
ing with each I 3 unit represented by one unit of the I I 
scale. Have the children in each group, show their work to the 
class and explain what they did. 

Note that to scale down with an architects ruler, you never 
start with the i ^ I scale as you do for scaling up. Because 
you\are scaling down you always start with larger units (s'uch 
as I 4) and make your representation in smaller units (such- 
as' I ^ I). 



/ 

1 



Lesson 9: SCALING IN DIFFERENT KINDS oFlTnJtS 



\ In previous lessons the children acquired/a feeling for enlarging 
< and reducing by scale factors of 2 and 3/ Th-is lesson iTd^ 
.sianedjo show that it is possible to mde representations-of 



*;obje<pts using any scale. In the first a/tivity the chlrdren beglrT 
■■-vithnagpt^^j-pfr-as-scalajqajts, T.hgn fe£Laafe£t:ol-h^i^,g^a-}:e- 



units to use ,i including unsharpened,p^ncils , thumb widths, or 
a/iy other units of their choice. 'Pina/ly they ^measure objects in 
'^^om in feet and draw them on th^ir papers in inches, 



miERIAlS 




rulei;^^ 
yarjiis\t\cks 

- \ X\ 

■ v\\ 

1 0 jumb^'^aper clips 

10 #l! AaUr clips 

archittedts\mler (from Lessoii 6) 
Alt. 

Wqrk^he^6^t||34, 35, and 36^ 



PROCEDURE 
"Activity A 



n 



Tell the chiWen that the.y_Qr4 goinoLtb use a new unit of meas- 
urement to rAafe scale representations. Worksheet 34 shows a 
number of p^<t|erns they will/work with. ' 

HOW UNITS LONG^AEE^^HrsiDES OF THE RECTANGLE? 



(2 units f^y ^ units. r 



I 
f 



^cAsk the chi|dren how they fculd make a representaticln of t-he_ 
? rectangle ^ping baper clipf (Use I clip to represent each line 
segment <^j|the e^ges of t!|e rectanjle.) Distribute j|) #1 paper 



^cLxps to epph child and ha,Ve them make paper clip re^esenta- 
^^ions of e'abh patten on Worksheet 34. 



V 



Next give each child 10 jumbo clips, and have them follow the 

same plans usinq a jumbo clip scale. Have them make some 

. patterns side by- side in regula r r;]jp p^d jumb^r -liif s^ ' 

-Hbearve u lo ine c hildren's ingenuity t(^ - ^find di s ks in the„ap_p_rQ.n^ 

priate scales tor the man's head. When they have finished, 

collect the paper clips. 

\ 



Call attention to the scale at 



he lower right hand corner of the 



worksheet. The first two scales are shown there. 

Ask the children to suggest otner possible standard scale units 
—thumb wicths, unsharpened pencils, new crayons, rulers, 
children, etc. Let different groups of 2 to 4 children use difr- 
ferent objects for a standard unit to make representations of 
the star pattern. They should mark their scale unit on Work- 
sheet 34, below the paper clip scale. The children may need 
to work on a table or on the floor for the whole pattern to fit. 
It is important for them to notice that some representations are 
too larqe to be made on their own desks. 



. Activity B 



Ask the children to^help you solve a problem. Tell them you 
wish to make a representation of the chalkboard (or another 
large rectangular object) on your paper. Turn to Worksheet 35 
(I -inch grid paper) and then ask them what facts they would ■ y 
need to now before they could decide on a scale. (The length 
of two dimensions of the object, and, the length of two dimen- 
sions of the paper.) Make the measurements and record them 
on the board. 



HOW CAN WE DECIDE WHAT SCALE WE SHOULD USE? 

After some discussi-on you might suggest that the children try 
the scale I foot I inch. Let one foot along the edge of the 
. object correspond to 6ne inch on their paper. If the paper is 
too small, increase the scale so that 2 feet ->,l ingh.' Con- 
tinue in this way until you find a suitable scale. Now have 
the children draw their representations of the chalkboard on 
Worksheet 35 and record the scale at the bottom. 
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Activity C 

' ^.For this activity the children will use their architects rulers. 

group to pick an object to scale down so that its representation 

TaJce a few minutes to discuss possible objects to represent. 
They should be larger than the worksheet. Rectangular objects 
such as doors, tables, picture frames, or large blocks are 
- easie.st to work v/ith. (^hildren who are skillful enough should 
not be restricted to rectangular objects.)- 

The children are to measure their grids with the I I scale 
on the ruler. This tells them what dimensions they will have 
room fpr on the paper. (21 by 16) Then they are'to measure 
the Qbjects they have selected with the I I scale. Since 
the dimensions of the objecc are more than 2 1 by 16, the work- 
sheet page will be too small for a I -^.1 representation. They" 
should therefore try measuring the object with the I 2 scale 
on the architects ruler. If the dimensions of the objects are 
Jess than 21 by I 6 of these larger units, a 2 I representation 
will fit on the worksheet. If the object measures more than 2 I 
units long, they will have to try measuring' with the I -> 3 
scale, and so on, until they find a scale that fits. 

Now they can make their representations, measurinj^he object 
with, for example, the I 3 scale, and then makif^the draw- 
ing with each I 3 unit represented by one unit of the I I 
scale. Have the children in each group, show their work to the 
class and explain what they did. 

Note that to scale down with an architects ruler, you never 
start with the I I scale as you do for scaling up. Because 
you\are scaling down you always start with larger units (s~uch 
as I 4) and make your representation in smaller units (such- 
as' I ^ I). 



Lesson 10: MAPS AND A WALKING TRIP 



,This lesson shows the usefulness oi maps oi diiL^i^nl ^^oaltj^ 



inch represents one block of a city on the map/ more detail is 
shown than when one inch on a map of the same size represents 
one mile of the city, A film Ma.ps-Where Am I? ^' is used to 
acquaint the children with general mapping ideas. Then they - 
go on to work with baps of different scales. 

While the children are working with maps they .may enjoy look- 
ing at A Mab is a Picture by Barbara Rinkoff . 



MATERIALS 



film: Maps-Where Am I? 
Barbara Rinkpff., A Map is a Picture 
24" piece of yam for each child 
Worksheets 37 , 38 and 39 



Activity A 

The movie Maps— Where Am I ? provides background for this 
-lesson in unusually lucid form, and reviews some concepts al- 
ready introduced in the unit. 

At the beginning of the- film a comparison is made between a 
house plan and a map. An aerial photograph of a city fades in- 
' to a map of the city, to serve as a bridge between the'concrete 
and ttie' abstract. .Aerial photographs and maps are shown of a 
city, a county, a state, the country, and the world. Map sym- 
■ bols for roads, rivers, direction, ^etc. are introduced. A spe- 
cific scale ig indicated on oiily one map (I inch = 48 miles). 
Near the end of the film a comparison is made between a man 
and a photograph of him to illustrate scale. 

Make every effort to obtain this film, because if you cannot 
show it, you will need to spend much mora time making sure 
that the children understah'd the following activities involving 



maps, 



74 



Tev ZnT * ^'^^^^^^^ -^k-^hem what 

they think are some of the imporUn^4^^asT~fe,.e-them-setgm 
^ -^'^ings to tell the class WatdTfo? in the^^vlT^^ 

watch the film more attentively.) Then show the movie to the 

ow the f " 'r''' ^'^^^^-^ • " possible " 

show the film again- after the children have finished Activities 



Activity B. 



ualV'Ve^o1rem'^t'r.l°'''°''''^^' their- Student Man- 

uals Help them study the map by asking them to locate repre- 

plTcTs""?el ZTm ' ^^^^^^ ' ^ 

Places Tell the children to use the scale to figure duttthe dis- 

ance, between particular places on the map that hey o you 

select. For measuring the length of a trip from one location to 

"y atnot' T^'.^'^'.' ^^^^^ '^-^ t^o ffettng t^ 

corners Th' I \ " ^^'^ ^° ^^^'^^-^ around 

Z^Z , '^"^ ""^"^ '° ^^^"^^ ^he distance between 

t ouTnVxM? the 7 the. map and stretch 

It out next to the -scale. on the map, rather than tryinq-^td mpa 
sure sections of the route with a ruler and addin9fheV. 

Sty Ind thatt"v ^ irn.,u.e that this is their 
city and that they are going to plan a walking trip from their 
school to the zoo. Ask them the following questions: • 

mp' ^Th' i^^-^^^E'^/O IN ORDER TO PLAN THIS 

sihooT:nd th? ^^^^ °" ^^^-^^^ • • 

HOW CAN YOU USE THE MAP TO HELP YOU? - ' ■ 

fdefs' 'itttev H "''r' '° ^^'^"^ ^^"'^ their- " 

Ideas If tney do not suggest it, t.ell them to draw a line show- 
ing where they would walk to go from the schdo to the 200 
Next ask them to turn to Worksheet 38 and study the map 
showing the area-around the.zoo and the school " • 

- WHAT DO YOU NOTICE ABOUT THIS MAP THAT IS THE 
SAME AS THE MAP^ ON WORKSHEET 37? (Some of the same 
places are included.) . ' 



i'O 



Worksheet 37 
Unit 18 




WHAT ARE SOME STREETS THAT YOU SEE ON BOTH MAPS? 
(Broadway Ave. , California Ave. , 7th St. , Maryland Av^.) 

.WHAT ELSE DO WU SEE -ON BOTH MAPS? (Zoo, school.) 

■ WHAT DO YOU NOTICE ABOUT THIS MAP THAT IS DIFFER- 
ENT FROM THE MAP ON WORKSHEET 37? (A much smaller . 
a^ea is included, and that area is shown in greater deta^l.) 
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WHAT ARE THE NAMES OF SOME STREETS THAT ARE MOT 
ON WORKSHEET 38 THAT WERE ON '37?. (M aine Avenue , 
Queens Road, 26th Street.) 



WHAT CAN YOU FIGURE OUT ABOUT YOUR WALK THAT YOU ' 
COULDN'T SEE SO EASILY BEFORE? (Which ^streets to take.) 

' Tell the. children to plan the trip from the school to. the zoo 
and draw the route on Worksheet 38. Then point out the scale 

on Worksheet 38 and ask the children to use it to help fhem^.. 

figure how far they will hav^ to walk. They may use.yaYffto 
measure the distance and lay it out against the scale. 
. , •■ /. ' s ' - 

LOOK AT THE ROUTE YOU MARKED ON WORKSHEET 37 . ON 
WHICH MAP DO YOU THINK YOU CAN FIGURE THE DISTANCE 
MORE ACCURATELY? (On the map showing the smaller area.) 

WHY? (Because you can see more detail.) 

After the children- have planned and figured the length of the 
' trip to the zoo, some of them might like to figure out how far 
it would be to walk to the zoo from Dick's house, or other loca- 
tions. , . 

(You may wish fco stop here for the day.)' 
Activity C , 

Tell the children that they will now plan a to urjhrouqh the z oo. 

WHAT WILL YOU NCEb-TO^K'NOW^TO^^IANA TOUR? (The_l^ 
- locations of the animals.) * - ' 



,Have them turn "to Worksheet 39. 



HOW IS THE SCALE ON THIS MAP DIFFERENT FROM^'TTIF'^^^^^.^.^ 
SCALES ON THE OTHER TWO MAPS? (It shows a much ^T^^ 
smaller area in greater detail.) ' - 



i— . ^^^^ « 



Then introduce the^ planning of the tour by CiBadahg the foUowi-nO 
paragraph or making up one of your own. 
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Let's pretend that you have just* one hour for your tour, * 
so you can't see all the animals. (For some classes 
it may be easier to give a specific number 'of animals 
===ta^^5e^=seerv?h^^ at -the gate. ^ 

Decide where you would like to go in the hour allowedr 
make anxX near each of the animals you want to see, 
'^and draw a route on the map. Then use ybur yam and 

the scale to find out how far you would walk if you took 
. the tour you planned. 

When thei^ have finished the activity some children "may like 
to tell the class about the tour they planned. 

At this point it would be valuable to show the film again.- The 
children will notice many more 'things in it, now that they have 
actually worked with maps. 




Lesson II: VALUE OF SCALING 



In fhis lesson the children consider .chairs of different sizes^ 
as |they are scaled to be^^omfortalDle for children of different" 
sizps.- The class makes a histogram of children's leg' lengths 
in order to decide' what size chair would be comfortable for 
the largest number of second graders. . ' 

•MATERIALS • . . . 



- a; kindergarten chair, a second grad^ chair and a 
teacher's chair ' • 

- yardsticks or rulers ' , 
,- story: "Goldilocks and the- Three Bears" " 

PROCEDURE 

Activity A ' . ■ 

Arrahge in advance tb have a, small-sized kindergarten child 
available during this lesson. . / 

Line "up the three chairs facing sideways in front of the class. 

^ .LET'S LOOK AT THESE CHAIRS AND" WATCH CHILDREN SIT- • 
; • ON THEM, TO SEE IF WE CAN FIND OUT WHY CHAIRS ARE 
MADE IN DIFFERENT SIZES. ' * ' 

. Ask an avefaye-sized studertfin your cla&s to sit bn'the sec- ' 
ond grade cHair at the front of the room, 'so that the side of 
the chair faces the class. Then ask the rest of the class :to 
tell you what they observe. List the children's observations 
on the 'chalkboard. (Typical observations will include tHe 
length of. the child's leg-fro.m^ his foot to his knee-in relation- ^ 
. to the length of the chair legs; the lengtR of the child's leg 

from hip to knee in relation to the width- of the seat; "the height 
• of the child's shoulder in relajiori to the height o'f the chair 
back.) Next ask the child tp sit on the teacWr's chair, "and . 
li_5t tHe .children's observations. Then have h|m sit on a kinr 
'^ergarten chair^ Repeat the observations with a kindergarten 
child if possible, and then with an adult sitting on- each of the 
three chairs -in turn. • ■ 



Discuss the dbe ervat ions .recorded dn the chalkboard' and 
.decide what^gea^ • (E*^^ example , . / 

•when**s*orTieon^s^sittlfig on a chair the cQrrect size for him, V 
, his- feet will touclj the floor..)' • ' • ' * / 

Ask tii^ children to decide what infcfrmation' would be most/ 
useful to a chair manuf-acturer who wanted to make chairs/fcHr'. 
second graders • (The children's measurements from, sea^ to 
. Shoulder, from hips to knee, ,and from knee ^to' heel.) • 

Divide the class in^ pairs -of children; Have* each child mea- 
.q;ure and record the length of the back of his partner's right leg 
from the knee bend to the bottom of the heel*. , ^ • • . 

Record, this data on^a" class histogram on -.the chalkboard while- 
the qhildren work on Worksheet 40. Jhen decide what het^ht- 
. chair would fit the greatest number of children in the class • 




•■^^Then ask the class how this information pould help a chair manu-' 
> >^^*fa.cturer who wants to make just one size chair that would fit sec- 
ond graders. (The size shbuld'suit the greatest number of cfiil- 
• dren J , / : / \ • - 

Discuss other objects that are 'scaled to, different sizes andVhy 
, ' they are more useful th'ah if they were ma^e in only one/Size. 
(Clothing, toys, etc J . / ' . ' 

/Nate*that pictures in dictipnaries frequently have the scale in- 
/ ' dicated, sb'fhat'you can^tell th^-size of the re^l'I object. ' 



Activity B 



(Read the story, "Goldilocks and the Three Bears," 

/ il..^ 



8i 
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Lesson 12: MAYING THREE-^OIMENSIONAL SCALE MODEL'S 

We now Jraw together many of. the ideas developed' in this 
. ^ unit. Several experiences are designed to rein-forcie the 

. .children jS understanding of why some kinds of objects must 
be scaleji to different sizes. Then the children measure 
and deternine the scale factor between ^tlie two members of 
a pair of objects. They co on to construct three-dimen- 
"sional paper models of doghouse?, garages, etc, to scales^ 
different from the plans with which. they are provided. This 
involves choor.ing the appropriate scale factor and selecting 
techniques for enlarging the plans. 

MATERIALS , ^ ^ ^ 

— sunglasses, child's and ad..^'s sizes 

— footballs," small and large 

— sweaters, child's and adult's sizes 

— carriages, small doll's and large doll's sizes 
f bicycles, small child's and adult's sizes^ 

. — shoes, child's and. man's sizes . * ' . 

— ' ruler for each child 

— scissors for each child ' . " 

— 24" piece of yarn for each child - . 
TPt^ infant's shoe, 3|' inches or less 

^it* — toy trucks, 6 iriche's -and 2^5- inches 
, — 'construction paper / 

— architects ruler (from Les&dn 6) 
Z/' ' children's edition , Shift's Gulliver-^ s trcTvels- - ^ 

— Worksheets 4 1 through 48 



^PljlOCEDURE 
AcUvity A 

^mtroduce this activity by showing the children two pairs of 
X sunglasses, one children's and one^adult*s. Ask the children 
^ which pair of sunglasses would be more cbmfortable for second 



8 3 



graders. Have several different^ children try on both pairs. Ask 
I which dimensions of .the s|jinglds\ses influence whether they fit 
•correctly. (The distance Across Vhe front. and the length of the 
learpiece.) Have the' children piea^yre these two lengths on~ 
'^ach pair and compare theln 




Then show the children fc|Otballs|of different ^zes. Ask. sev- 
eral children, one at a tijfne, to Hold eadh of the footballs in 
throwing p^osition. Ask which i^jmore cd^mfortable for a second 
grader to hold and throw] Have l|ie children measure the dis- 
tance beltween the points on the footballs\and the circumference 
at the widest part and cpmpare the dimensions of the two balls • 



^Activity B 



Gather se veral of the pairs of objects iistaq below or other 
similar pairs. Use those that are easiest fir you to obtain, 
but try to! offer the children a- choice. 



child'fs and adult's sweaters I 

small! and large doll buggies borrowed frolm the-kinder^' 
garteii or brought fi^bm home 

baby|s or small child's shoe and man's snoe 

1 

2 bicycles, one small and one full size i 



Tell thei children to look at Worksheet 41, which has drawings 
of the four pairs of objects listed above. Wej^also provide a ^ 
pair of'blank boxes in case you substitute"other objects. Tell 
the children that they are to measure the objeits^longjihe^di— 
mens ions shown by the arrows on thejA^orks'KebTand write the 
measurements in the spaCBS provided . Be sur3 they understand 
that th^y are to record the measurements of the actual objects, 
not of the drawings. Allow the children to selectone pair of 



objects to measure. They may work alone or i 
(The children will need something else to work 
seats while waiting for their turn to measure •) 



i small, groups • 
on at their 



After each child has measured a pair 
of objects, have the children tell you 
what the measurements are and record 
them'on the chalkboard » Work v/ith 
the, children to help them figure whdt 
the approximate scale factor is be- 
tween the two objebts in each pair. 
For example, ^suppose the length of 
the sweater sleeves are about 10 
inches and 20 inches. 



Draw two line segments on the board 
one below the other, one 10 inches 
'long and the other 20 inches long. 
The' children should be able to decide 
that the length of the sleeve of the 
grownup's sweater .is about twice as 
long as the length of the sleeve of 
the child's sweater. You may want 
them to use their pieces of yarn to 
measure the length of the smaller 
sleeve- and count off how many of 
these match the length of the larger sleeve. This number is / 
the scale factor . ' Follow the same procedure with the other- 
pairs of objects, ^ — 

Some objects will have easily identifiable sc^Je factors such 
as I 2 or i 4. In more difficult situations it will suffice 
"to have children draw line segments on thQ^ board, one below 
the other, indicating the length of each of tjie pairs of "objects. 




Activity C 

' 0 

Before beginning this activity, cut out and assemble the small 
doghouse facing page 74 (Worksheet 4 3). , Tell the children 
to cut out the dogs on Worksheet "^42 and fold them so that they 
will stand. Then shov/ the children the small doghouse. Ask 



Name. 
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Worksheet 43 

Unit 18 Name 
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Cut on sorf^ juries. 
Fold on dotted lin^s^ 
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Worksheet 42 

"IJnlt 18 Name- 




Cut on the 
heavy Unes\ 



dotted Jirtfs. 




Workthect 43 
Unit 19 




If this house seems to be about the right size for the small 
dog. Select a child to place his small dog in the house to 
check the size. 

^Tell the children that the larger dog needs .a house, too. Have 
thelYT^k>.ok at V'^orksheet 43, a flat plan of the small doghouse. 
Ask what tR^y^GouId^do to make a housMust like the stnall one 
-t'hatn;7^uraifitThe largeFd^g;- Lf .np, one^bc 
the plan , ask: , 



ig^ges'ts scaling, up 



FROM WHAT YOU KNOW ABOUT SCALING, HOW CAN YOU USE 
vTHE SMALL DQGHOUSE^TO HELP YOU MAKE THE 'LARGE ONE? 



The procedure should iiivolve measuring the length otthe two 
dogs to find the scale factor between them (2), and then apply- 
ing,^that scale factor to the plan of the small doghouse in order 
to enlarge |t. ^ Have tlie class work together, each child making 
a large doghouse from t-he-centinneter grid paper on Worksheet 44. 
Thpy should use the^u^used space on W^orkshe^t 43 or the very 
i last grid sheet at the back of their manuals for-the' roof. 




tnit Id 




WorkshMt 49 
Unit 18 



Nam 



Would you like to Mk* a Qj Q^ ^ or yo^^^ 
or .Igl-ftfr. ,^3:57 

If you chote the {^^^ ♦ ^^^^ ^ P*8«« 
If you chote th© » turn to Work«he«t 46 



Worksheet 47 hac pUnf for n for • Baby'i ^5 



oust be^itrger. 



A for your 

Take the ' ^5 and put it next to your 

About how Mny lengths of tlje ^ does your 

^ aemjure?. ^ / ^ , 

That number 10 yotir actle factor;^: 

Scale up the plant for the ^ on Worksheet 47. 



The plans on the following pages 
are provided so that you- can con- 
* struct the shoe box and garage 
beforehand and be better prepared 
to guide the children. 



Cut out the parts of each along 
the solid lines and fold along the 
dotted lines. Note the short cut- 
lines at each end of the horizontal^ 
'^•^old:::.lines of the largest section 
of each plan and on^the cover of " 
the shoe box, ^ " ^ 



WQrkahfMt 46 
Unit 18 



Na«e_ 



Workaheat 48 hat^ plans Ifcjr a ^^^^ 
A'^^^for « J[^^iy, "Uit be larger .^"^ 
Taka"* tha ^jt^ anif put It next to the g ^ " ^ 
About hem aahy longtha of the ^3 does the 



aaiu^a? 



^^hat nuMber li your icale factor* v 

Scale up the plana for *ha|^^^ on 7orkcheet 48, 
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worksheet 47 
Unit 18 
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. Plans for 3 Garage 




Worksheet 48 
Unit 18 



The narrow folded flaps on the largest sections are for pasting, 
To assemble the shoe box, paste the flaps to' the end pieces. 
For the coyer, paste the-^qua-ceytabs-as^ shown 4n the- diagram . 



" > 





For the'garage, paste just one end in place. Xt the other end, 
fold the flaps all the way back and paste them against the 
side^ and floor for reinforcement. This open end will b^'^the 
door of the garage. Place'the roof support across the top as 
shown. Paste the square tabs to the outer surface of the 



-Plans for a Shoe Box — ^ — Worksheet 47 
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Plan? for a Garage ^ . 
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Worksheet 48 
Unit 18 
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sides. The ro^ rests'flat on the top of the garage with an * 
overhang projecting.'On all sides. .-Put some paste on the top 
of the roof support to hold the roof in place. • 




dure: 



Have each child turn to Worksheet 45 and choose one of the- 
constiruction projects shown— either a shoe box or a garage 
for a truck. Ask'^some child "to bring an infant's shoe to class 
to fit into the small box. Those who, choose to make shoe^ , 
boxes will work with their own sjioes. Those who'chpose to 
make^a garage should bring toy trucks from home or work with 
a pair you have in the classroom. A "Matchbox'* type truck 
will fit in the small garage. The large truck should be^.abbut 
six inches long. . ' 

Worksheet 47 shows a plan for a shoe box'and Work'iheet*48 
has one for a garage. The children will Jiave to scale these 
plans up in order to make shoe boxes or garages to fit the 
larger shoes' or trucks. They must first determinetheir^scale 
factors', which wiU vary. Have them place the small shoes 
*or trucks against the larger ones to find out about how many 
lengths of the small objects'^the larger ones measure.. These 
numbers are the factors by which the plans mupt be scaled 
up. Help the individual children who Ijave fractional mea- 
surements choose the next larger whole number scale factor'. 
(A box can stijl be"used if it is too big, bu^ it is useless if 
too small.) 

Note that scale factor in this activity is determined by com- 
paring only one dimension, the length of the two objects. 



9 



Space is provided at the bottom of the worksheets so that 
th^e children, whose measurements come out in even multi- 
ples can write multiplication equations. 



stale 
factor 



length pf 
small plan 



length of 
large plan 



Let each child choose his own method for scaling up the plan. 
He may use an ordinary rvlef,, an , architects ruler,, or the grid 
paper provided after Worksheet 48. He may^make his box or 
garage out.'of grid paper or jconstrucyon pap*er. ^ 

Some, children may prefer to work directly from n;\e larger 
truck or shoe and build the garage or-bo.X'to fit it^ In-'that * 
case they may trace -the outline of truck or shQe to find the 
dimension^~6r- simply fold the paper up around the bottom 
and sides to make it fit;- * . ' . 




. Guide the childrenrin assembling the^ir boxes or garagofs. They 
should check to see that the shoes or trucks will fit. , • 

Activity E " ' " ■ > » - • ' 

/ ' . . . 

, To conclud^e*this unit, read any children's edition of Swift's 
Gulliver's ^^rayej? to the class. 



In this unit ^he clfildren have been introduced to the following 
ideas: / ' * ' * ^ . ' ^ 

Obje!s;t§ can be represented *by outlines or shadows of their 
hapes. These outlines^or drawings reiSfesent only some* 



V 



of the properties of the objects. 



2, Representations-need not be the saine size as the^ojbjects . 
They may be larger or smaller than life-size, x • 

3'. The difference ia size between an object and itB enlarg^ / 
representation can be described numerically by a mal 
matical equation, in which the scale factor times th< 
length of the original side' equals ihe new le-ngth.^ 



Scaling 'upland scaling down are inverse process'es 



undoes the yther. 



One 



)• Scaling up- is^^related to multiplication and^caling down,^ ' 
is related to division, 'The concept of d/vision is. develbp^ 
^d only'on an Jlntuitive level'with np division ecjuations- 



given. 



Area can be found by multiplying length and width, ajld 
volume can be found l^y miiltiplying length, width and • 
heightTsjThese concepts are se^condary .tb the main purpose 
of the uniL dnd^pm^lete understanding is not essential,) 

The process' or scaling can $e used to make similar ob- 
jects in different sizes accdrding to need. 
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